Introduction {#sec1-1}
============

In the last two decades, the majority of efforts to accelerate child survival have centered around identifying the causes of morbidity and mortality and understanding care-seeking behaviors, and then using that information to scale up interventions to prevent and treat illnesses.([@ref1][@ref2][@ref3][@ref4]) Reliable data to guide health policies and programs are needed at least at the state level; however, the countries with the highest child morbidities and mortalities have very limited information available and have weak health information systems.([@ref4][@ref5][@ref6]) India contributes to nearly one-fifth of global under-five deaths; the rate of decline is slower and that of mortality much higher than those in countries with similar level of economic development such as Russia, China, Brazil, and South Africa.([@ref7]) Very limited recent data are available on the causes of child deaths in India.([@ref8][@ref9]) Moreover, the use of causes-of-deaths statistics in India are questionable in view of poor coverage and poor compliance with guidelines (for cause-of-death reporting, coding, and classification)([@ref10]) and comparability of various data sources.

This article presents findings from a population-based cross-sectional survey and social autopsy with the objectives to understand the characteristics and determinants and the causes and distribution of child deaths, and to understand the pathway of health seeking adopted by caregivers in the eight states of India.

Materials and Method {#sec1-2}
====================

This article reports findings from a baseline assessment of the Integrated Management of Neonatal and Childhood Illnesses (IMNCI) program in India. The detailed methodology for this study has been published previously,([@ref11]) and relevant information related to this work is summarized in the following paragraphs.

This study was conducted in 16 districts from eight states (two districts per state) across India (Uttar Pradesh, Madhya Pradesh, Rajasthan, Odisha, Karnataka, Haryana, Maharashtra, and Meghalaya), using cross-sectional design. These states have a total of 265 districts and a population of about 493 million, which is approximately 45% of all districts and 48% of the total population in India.([@ref12]) A total of approximately 6% of the districts and 3.5% of the total population in these states were covered in this study. A sample size of 1500 live births was planned for each district. This sample size was based on the National Family Health Survey-2 (NFHS-2) data to detect under-five mortality rate, infant mortality rate (IMR), and neonatal mortality rate (NMR) with an admissible error of 1% at 95% confidence level. Over 12,800 households (at an estimated average of 6 individuals per household) were expected to be covered per district to capture 1500 live births. All under-five deaths that occurred between April 1, 2005 and March 31, 2006 were identified during household screening and included in the study.

At every study site, two physicians were trained to undertake verbal autopsy along with social autopsy by the members of the Central Coordinating Team (CCT) in a 3-day workshop including hands-on activities in the field. Site visit by CCT members and overseeing during actual data collection was organized as part of quality assurance. The International Clinical Epidemiology Network (INCLEN) Verbal autopsy instrument was adapted from the World Health Organization (WHO) and Population Health Matrix (Johns Hopkins University and Harvard University, USA) verbal autopsy tools available in the public domain.([@ref13]) Components for tracking of events before death and social autopsy were added to the verbal autopsy tool. The physician review process \[supplementary Figure 1\] was used to assign cause of death. Two national experts who were also master trainers for the Indian Council of Medical Research (ICMR) verbal autopsy study trained 10 pediatricians in assigning cause of death. Each death record was reviewed independently by two trained pediatricians. The pediatricians assigned direct and underlying causes based on the International Classification of Diseases Version 10 (ICD-10).([@ref14]) The two master trainers played the roles of adjudicators and the third as reviewer. The adjudicator was called upon for opinion in case of disagreement between two primary reviewers and when both primary reviewers labeled the case as "not classified" despite a complete verbal autopsy form. For the first situation, if an adjudicator came up with a cause of death different from the two primary reviewers, the case was labeled as "not classified" cause of death. In the second situation, the adjudicator\'s cause was accepted as the final diagnosis; however, if he/she also failed to assign a cause of death like both the primary reviewers, such cases were also assigned "not classified" cause of death.

###### 

Physician review process for "cause of death" assignment

###### 

Click here for additional data file.

In addition to causal assignment, information was also obtained for events taking place prior to death including care-seeking practices, treatment obtained, difficulties faced, and place of death. The data were analyzed for delays occurring at home, in transit, and at the health facility. Delay at home was considered if the child:

Did not receive any home remedy and was not taken to any health facility;Received home remedy and was not taken to health facility; andReceived home remedy and was later taken to a health facility.

Delay during transit was considered to occur in the case of children whose parents enumerated difficulties in reaching the health facility. Delay at health facility was not possible to estimate reliably from the available data and therefore was determined on the basis of three parameters: Deaths occurring at the first health facility; children taken to second and subsequent health facilities; and children who were taken back from the first health facility and who died at home. To obtain the information on events prior to death and care seeking, open-ended questions were also asked to the respondent in addition to the standardized verbal autopsy questions ([www.inclentrust.org](www.inclentrust.org)).

The data were analyzed separately for neonate (1-28 days), postneonate (29 days to 11 months), and childhood (12-59 months) deaths to identify any practices (related to care seeking and sickness management) specifically associated with the particular age groups. Qualitative data analysis was done by a team of social scientists and anthropologists. Key themes emerging from the responses were identified and converted into quantitative variables to link with the cause-of-death data. STATA^®^ version 10 (Stata Corporation 2007) was used for quantitative data analysis. The quality assurance measures and other data analysis process has been published previously.([@ref11])

The ethical approval for the study was obtained from the India-CLEN Institutional Review Board (IRB). The India-CLEN IRB was formed in the year 1999 (FWA No. IRB00004940, in the assurance name of IORG0004172-International Clinical Epidemiology Network, Inc., IRB \# 1). In addition, the study was approved by the Ministry of Health and Family Welfare (MoHFW), Government of India and written informed consent was obtained from each caretaker before commencing the verbal autopsy interview.

Results {#sec1-3}
=======

A total of 216,794 households were surveyed, and 1,656 under-five deaths were reported in the study period. A total of 1,488 (91.6%) deaths regarding which there was complete information were included in the final analysis \[[Figure 1](#F1){ref-type="fig"}\]. For the causes of deaths in the neonatal period, birth asphyxia (23.1%), prematurity/low birth weight (LBW) (22.1%), and sepsis/infections (22.3%) were the top three causes of death, and among the postneonatal deaths (29 days to 11 months), acute respiratory infections (ARI) (33.1%) and diarrhea (24.9%) accounted for the majority of deaths. In children aged 12-59 months, too, ARI (22.3%) and diarrhea (28.4%) were the leading causes \[Supplementary Figure 1\]. More than half of neonatal deaths (58.7%) occurred in the first 3 days after birth and 44.1% died within 24 h of birth. The cause-of-death data were also analyzed by study state as well \[[Table 1](#T1){ref-type="table"}\]. There were variations among the states, in the proportion of deaths caused by each of the top three causes of death in different age subgroups.

![Flow diagram of verbal autopsies conducted](IJCM-41-108-g001){#F1}
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Subgroup-wise cause of death among children
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Click here for additional data file.

###### 

State-wise distribution of cause of death among children

![](IJCM-41-108-g002)

Considering that there has been no published study on the prevalence of sudden infant deaths in India, we analyzed data for sudden unexplained deaths. Sudden deaths accounted for 1.4% (21 out of 1488; 7/637 neonates; 10/425 aged between 29 days and 11 months; 4/426 aged 12 months and above) of all deaths. Children with sudden unexplained deaths were reported to be otherwise healthy before death. Only 6 out of 21 children could be taken to a health facility before death.

It was observed that amongst all study subjects in this study, more than half (52.6%) of the neonates were not taken to any health facility; 24.2% infants (29 days to 11 months) and 19.4% children (12-59 months) were also not taken to a health facility or presented to a health provider outside their homes before death. The regression analysis was done for the factors affecting care seeking and it was found that male neonates \[adjusted odds ratio (OR) 1.60; 95% confidence interval (CI): 1.14-2.24; *P* = 0.006\], postneonates with diarrhea and pneumonia (adjusted OR 2.05; 95% CI: 1.2-3.2; *P* = 0.003), and children having mothers with \>5 years of schooling (adjusted OR 2.6; 95% CI: 1.1-5.7; *P* = 0.017) increased the odds of a child being taken to a care provider \[Supplementary Table 1\].

###### 

Odds ratios for seeking care from any care providers (0=Not visited health facility; 1= Visited health facility) in neonatal and Infant and child deaths
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Click here for additional data file.

Among those who did seek care from a health provider, government and private health facilities were equally preferred for neonates as the first choice, but for children older than 28 days, there was some preference for a private (42.7%) facility as the first provider over the government (31%). The private facilities became increasingly the preferred choice as parents moved from the first to the second and then the third facility in all age subgroups. Accessibility of the facility (convenience, physical distance, and availability of doctors) and prescriber characteristics (trust and prior experience) emerged as the most important reasons for seeking treatment, followed by quality of care provided from a particular health facility/provider. Arranging transport and social support to take children outside their homes were the consistent challenges faced by the care providers of children in all age categories (data not included in the tables).

Subgroup analysis of causes of death in children taken to health facilities versus those not taken to health facilities \[Supplementary Figure 3\] was also done. More than half of the neonates who later on died due to birth asphyxia and prematurity were not taken to a health facility prior to death. During the postneonatal period, though the majority of children were taken to health providers, nearly one-fifth of sick children with preventable causes such as diarrhea and ARI were never taken to any health provider, and when the family did decide to take the child to a health provider, the parents frequently visited informal prescribers. There were state-wise differences in the pattern of care seeking; informal private providers were accessed in Uttar Pradesh and Haryana more frequently as compared to other states, and in Odisha, government facilities and providers were preferred over others across age subgroups \[Supplementary Table 2\].

###### 

Causes of deaths and children taken to any health facility and those not taken to health facility
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Click here for additional data file.

###### 

State wise care seeking for type of health facility
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Click here for additional data file.

The data were analyzed for delays occurring at home, in transit, and at the health facility, and analyzed for all age groups \[Figure [2a](#F2){ref-type="fig"}--[c](#F2){ref-type="fig"}\]. In the neonatal deaths \[[Figure 2a](#F2){ref-type="fig"}\], delay at home had occurred in 62.5% of cases. Out of 296 newborns who were taken to a health facility, the parents of 82 (27.7%) informed of difficulties in transit. For the postneonatal deaths \[[Figure 2b](#F3){ref-type="fig"}\], delay at home occurred in 42.3% (177/418) of children; in the majority of these, the delay was due to waiting for the home remedies to have their effect (104/177; (58.7%)). Delay and difficulties in transit (46%) were primarily due to transport problems and lack of social support for carrying the sick child. A similar pattern was noticed for children 12-59 months of age \[[Figure 2c](#F4){ref-type="fig"}\].

![Pathway of care seeking preceding death (Neonatal deaths: 1-28 days)](IJCM-41-108-g003){#F2}

![Pathway of care seeking preceding death (Postneonatal deaths: 29 days to 11 months)](IJCM-41-108-g004){#F3}

![Pathway of care seeking preceding death (Child deaths: 12-59 months)](IJCM-41-108-g005){#F4}

Discussion {#sec1-4}
==========

In this study it was noticed that children in India were dying of causes for which life-saving interventions are available.([@ref15][@ref16][@ref17]) While the focus of reduction of the under-five mortality rate has generally been on high-burden states in India such as Bihar, Madhya Pradesh, Rajasthan, Uttar Pradesh, and Andhra Pradesh,([@ref15]) preventable causes of death do prevail in other states too, as identified in the results of our study. The proportion of deaths due to common causes differed significantly between the states. LBW and prematurity were the leading causes of neonatal mortality in Karnataka, Maharashtra, and Odisha. In Uttar Pradesh and Haryana, more children in the postneonatal period died due to diarrhea as compared to ARI; this proportion was reversed in other study states. The majority of these deaths could have been prevented with the interventions offered in primary and secondary care.([@ref18]) In the last few years, there has been increasing attention on the presence of skilled birth attendants and institutional delivery through Janani Suraksha Yojna([@ref19]) and by setting up sick newborn care units (SNCUs) in all districts of India.([@ref20]) Although these interventions have contributed to reduction, the NMRs remain relatively high in India. The same causes of death have variable proportionate contribution to mortality across the states. These observations indicate the possibility of inequitable access and inconsistent quality of available services. This is an area of major programmatic significance, action, and which requires additional research.

This study validated the commonly known facts that female newborns, those born at home, those born in the presence of unskilled workers and those whose caregivers have had less than primary education are at high probability of not being taken to a health facility or a provider for treatment.([@ref21]) The government and policy makers should consider strategies under existing initiatives to identify such children for targeted initiatives to improve their survival.

This is probably the first study from India that provides information on rates of Sudden Unexplained Death Syndrome (SUDS), which is an established cause of death in young children.([@ref22]) Recently, the issue has attracted wide attention as an adverse event following immunization (AEFI), when new vaccines were introduced into the national programs.([@ref23]) In this study, we came across 1.4% deaths that were classified as sudden unexplained deaths and most of them could not be taken to a health facility. We did not have the vaccination history for these children, but according to the Brighton Criteria these children were at level 3 of certainty for unexplained sudden deaths.([@ref22][@ref24]) The findings from this study could serve as a baseline for future assessment of SUDS in Indian children and could be used for analysis and in contextualizing SUDS and AEFI deaths in India, which have been often wrongly attributed to new vaccines in the lay press.([@ref25][@ref26]) It is equally important not to overlook other causes of death, such as convulsion, cancer, hepatic failure, abscess, and umbilical hemorrhage, which contributed to over 10% of all under-five deaths in our study. Recently, the researchers have emphasized the growing importance of this category of deaths.([@ref27])

The findings in this study suggests that care seeking outside the home gradually increased as age advanced (newborn: 47%; infants beyond neonatal period: 76%; 1-5 years old: 81% *P* = 0.000). The studies from other developing countries have also reported that the majority of newborns either died at home or on the way to the hospital or in the care of traditional birth attendant (TBA).([@ref28][@ref29]) In a recent systematic review of care seeking for neonatal illness in low- and middle-income countries (LMIC), median of 59% care providers sought care outside the home.([@ref29]) A survey from India suggested that children aged 1--2 years had higher odds of being taken to any of the health care providers for treatment of diarrhea as compared to children aged \<1 year.([@ref30]) Multiple factors may delay a caregiver\'s decision to seek care for their sick children. The delay in care seeking appeared to be due to the inability of the care provider to recognize the child\'s illness.([@ref31]) Several studies have found that the more severe the caregivers perceived the child\'s illness to be, the more likely they were to seek care.([@ref32][@ref33][@ref34]) Therefore, communication strategies for community education on disease severity have the potential to improve care seeking and this deserves serious program attention.

Arranging for transport and social support for accompanying and deciding health care needs are interlinked and were reported to be the major difficulties faced at the household level by families.([@ref35][@ref36][@ref37]) During the past decade under the National Health Mission, 108/102 ambulance services have been started to address the transport challenges, particularly for rural and remote areas.([@ref38]) We found that the main reasons given for choosing a particular health provider/facility were access (physical distance and availability of health personnel) to that health facility and the prescriber characteristics (trust in service provider). In health care, the patient may trust providers because of their personal relationship, interaction with the health provider, previous experience, and perception of the quality of care provided.([@ref39][@ref40]) A consistent pattern in this study was greater confidence in private providers, and several of those who had first approached government facilities moved to private providers. This occurred in spite of the fact that health services are available free of cost at public health facilities.([@ref41][@ref42][@ref43][@ref44]) This care-seeking behavior was likely due to the perception of the quality of care and confidence in the private provider over public sector institutions for seriously sick children. The other reason could be lack of diagnostic facilities, or unavailability of qualified personnel at all times, or lack of and low quality of drugs available.([@ref45])

Out of the sick children who were taken to a health facility, 36.8% newborns and 53.1% postneonates were taken back home and died at home. The initial choice of the health provider (formal public, private formal, or informal) did not seem to significantly influence this behavior. Kallander *et al*. in their study observed that 13% did not receive any treatment from the first provider and 10% did not receive treatment from either the first or the last provider. Of the 40% referred to another health facility, only half adhered to the referral advice.([@ref46]) The reasons reported for nonadherence to referral advice included lack of supportive family members to accompany the mother, bad weather, dislike for hospital care, and the infant being too small to be taken outside for care.([@ref47]) Factors among caregivers for bringing back their critically sick children after going initially to a health provider are likely to be complex; and requires detailed research.([@ref48])

This study has a number of strengths. First, this is one of the first studies to use similar methods to compare and analyze neonatal, postneonatal, and child deaths. This gives a more reliable comparison than when these are studied by separate researchers or in populations. The second strength is the overall sample size which is one of the largest in India for such studies. Third, never before has such a large sample size been used in a pathway of care in health seeking for children in India. Nonetheless, there are a few limitations as well. The data for this study were collected for the period of 2005-2006, and a few things have changed since then. However, if additional studies are done now, this study could serve as a robust baseline. Another limitation is linked to the method of verbal autopsy being biased by misclassification of causes of death; however, it has been documented that for common causes of death, verbal autopsy does provide reasonable accuracy.([@ref43])

Conclusion {#sec1-5}
==========

This study based upon data from eight states of India concludes that whether taken to a health provider or not, neonates, infants, and children in India continue to die from preventable causes. The survival of children having the same illness varies between different states, indicating that it is linked to equitable access and consistent availability of services in those states. Private providers and, at times, nonqualified providers are preferred by caregivers over the public sector for their sick children. There are indications that the situation of child health has been showing improvement in the last few years. However, considering that neonatal, infant, and child mortality in India continues to remain high, there is need to consider the following: to design state-specific solutions; to design communication strategies to modify health-seeking behavior, particularly identification of severe illness; to work on quality of care at public health facilities; and increase access to health services in India. The findings are extremely relevant at this point of time when India is drafting a new national health policy and strategies for improving health outcomes. In the times when sustainable development goals are being finalized and the discourse is centered on providing access to quality health services at affordable costs (in other words, universal health coverage), it is imperative that policy makers in India take note of the findings from this study. Appropriate learning and adoption of these findings have the potential to place India on the right trajectory for accelerated child survival and to achieve universal health coverage.
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